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@ Vaccine composition wltfi non-immunosuppresive T-cell epitope component 

@ The present invention provides novet composiOo which are useful as amtigens In vaccines for eliciting a 
strong protective Immune response against a pathogenic agent in a host TheXsafd compositions comprise a 
compound representing a 8 cell epitope which is an antigen from. a. patiibgenic agent or an antigenic sub-part 
Ihereof and a compound representing a T helper cell epitope: which is a sub-part of an antigen from a 
^ pathogenic agent characterized in that the compound representing 

for earner function but not for epitope suppressive function. The Invention also relates to processes for the 
preparation of the said compositions, to vaccines comprising the same and to the use of these compositions and 
yapcines for protective immunity against a pathogenic agent Furthermore tiie present inventipn relates 

to methods for eliciting a protective immune response against a pathogenic agent in a host and to rhethods for 
determining whether a compound representing the T helper cell epitope contains information for carrier function 
but not for epitope suppressive function. 
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VAGGINE COMPOSmON Wn-H NON^IMMUNOSUPPRESSIVE T-CELL EPrt^ COMPONENT 

v^^^^^ Invention relates to novel compos'rt^^^^ eliciting a strong protective immune response 

against a pathogerijc agent in a host and to vaccines containing the said compositions. 

II is known that certain antigens require the co-operation of T helper cells and 8 cells for the generatiori 
of a humoral immune response. Such antigens comprise T cell epitopes and B cell epitopes. 

T helper cell epitopes are sul>parls::of antigens such as proteins or conrtplex. carbohydrates which sub^ 
parts can be presented by an antigen presenUng ceir helper cells which in turn are then 

activated and "help" B cells to produce specific antibodies directed against the antigen in question in a 
helper T ceil dependent Immune response (Schwartz. Ann. Rev. Immunol. 3^ 237-261 [1985]). A large 
number of T cell epitopes are known : to the person skilled in the art (see for^exaniple Good et al. , Proc. 
Natl. Acad. Sci. USA 85. 1199-1203 [1988] and Francis et al.. Nature 330, 168-170 [19871). T helper cell 
epitopes may be predicted using the methods of DeUst et al.; Proc. NaS7 Acad. Sd; USA 82, 7048-7052 
[1985] and Rothbard et al., EMBO J. 7. 93-100 [1988]. ~ 

The strict genetic control of responsiveness to Individual T cell epitopes by the polymorphic class II 
MHC genes limits the usefulness of vaccines comprising single T cell epitopes. However it has been found 
recentiy ttiat certain T-cell epitopes are recognized by a large number of DR haplotypes and thus can be 
used as universal T-cell epitopes (Sinigaglia et al.. Nature 336. 778-780 [1988]). 

B cell epitopes are regions of an antigen such as a peptide, a polypeptide, a hapten or a carbohydrate 
which regions can be recognized by antibodies. It has been found that syntiietic sub-parts of an antigen 
fonming a B cell epitope are capable of indudng a protective immune response in a host Thus, for 
example, chemically synthesized peptides representing a B-cell epitope are capable to induce the formation 
of antibodies which bind to the native molecule in a host (Arnon et al., Proc. Nati. Acad. Sci. USA 68, 1450- 
1455 [1971]). It has to be noted tiiat In order for such a peptide which represents a 8 cell epitopiTto elicit 
an Immune response in a host the peptide has to be bound to a carrier. Such carriers are usually proteins- 
A large number of such carrier proteins are known to tiie person skilled in the art. The carrier protein may 
also provide tiie T cell epitope function mentioned above. 

Some-proteins-whieh^ are-cunrently-osed in-vacclnes as carrier protein for single B cell epitopes are 
themselves used as antigens in vaccines. Examples for proteins used as carrier proteins in vaccines are the 
tetanus toxin of Clostridium tetani which is the pathogenic ager^t causing tetanus and the diphttieria toxin of 
Corynebacterium diphtheriae (or Klebs-Loeffler bacillus) which is tiie patiiogenic agent causing diphtheria. It 
has to be noted that these toxins are used as earner protein in the toxoid form. i.e. the detoxified form. 

The following Table I. which is not meant to bo complete, fists a few pathogenic agents against which 
vacdnes are currently available or will be available in the foreseeable future and wherefrom the T cell 
epitopes and^or the B cell epitopes of the present invention may be derived: 
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Table I 





population 


pathogenic agent 


disease 


9 


human ' 


Gorvnebacterium dtohtherlae (Kiebs-^Loeflfer bacillusV 


diphtheria 






Streotococcus Dneitmoniae 


pneumonia 






Clostridium tetani '- 


. tetanus 






Bacillus Ca!mette-Gu6rin 


tuberculosis 






Rnrrifttfilla Dftrtussis : • ■ ■ 


pertussis 


10. .'■ 




" Vihf ift i^hftlflrao ■ ■ 


cholera 






mumps- virus 


mumps 






- mAfl^A^ \/ini*5- 

1 1 IvOOlOO VII VI w 


measles 








rubella 








respiratory d. 


15 




. .yJUHU VII u«> • 


polio ■ 








anthrax 






Told virus - 


diarrhoea 






hfioatftus virus 


: hepatitis 






rabids virus 

- 1 CU/I w9 V.ll Uw - ■ ■ . 


rabies 






1 II V 1 


AIDS 








AIDS 






HTLV 


leukemia 






Influenza virus 


influenza 






pox virus 


small pox 


25 




Yersinia pestis 


plague 






Plasmodium falciparum 


malaria 




cows 


foot-and-mouth disease virus - 


foot-and-mouth disease 




chicken 


Bmeriatenella 


coccidiosis 






Bmeria acervulina 


coccidlosis 



00 



The vaccines directed against the pathogenic agents mentioned above may be used for providing 
protective immunity to substantially all members of a population. Due to variable Individual responsiveness 
to vaccination It is almost impossible to provide protective Immunity to all members of a population. 
However, since pathogenic agents are usually dependent on a close interaction between carriers of the 
pathogenic agent and non-immune hosts for causing an infection, the presence of a low number of non- 
immune individuals in a given population usually does not jeopardize the success of a vaccination program. 

As indicated above proteins from the pathogenic agents listed In Table i may be used as carriers for 
sub-unit vaccines representing B cell epitopes* Examples of proteins which are cunrentiy used in vaccines 
for providing protective immunity to substantially all members of a population and which have been 
employed in newly developed vaccines as canrlers for such 8 cell epitopes are the diphtheria toxin from 
Corynebacterium diphtherlae and the tetanus toxoid from Clostridium tetani. Henrington et al.. Nature 328, 
257-259 [1987] have conjugated the 12 amino acid synthetic peptide (NANP)3 comprising the Im- 
munodominant B cell epitope of Plasmodium faldpaaim circumsporozolte (CS) protein to the tetanus toxoid 
(TT). The composition obtained In this way was adjuvanted with aluminium hydroxyde and administered 
intramuscularly in three doses at monthly Intervals to 35 healthy human volunteers as a malaria vaccine. It 
was found that this malaria vaccine lead to a protective immune response In only a few individuals. It was 
proposed that tetanus toxoid given to the volunteers In the past as Immunizations dampened the Immune 
response to the synthetic peptide component (B-cell epitope) of the conjugate. 

In the meantime it has become evident that this observation can be generalized. It is known that an 
animal which is injected with an antigen such as a protein responds to a second injection with the antigen 
by producing a markedly enhanced antibody response. R the second Injection is made with the original 
antigen which has been modified, for example by the addition of a hapten or peptide, the response to the 
antigen Is similarly enhanced but the response to the peptide or hapten Is typically inhibited. This inhibition, 
which Is termed ''epitope suppression", is mediated by T and B cells. 

Epitope suppression is thought to be caused by the presence of B cells which react with epitopes of 
the original antigen. These B cells which have been expanded as a result of the initial injection with the said 
original antigen are able to out-compete the B cells directed to the modified portions of the antigen thus 
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leading to a reduced immune response against Uie said modified portions {Schutze et ah. Cell. Immunol. 
104, 79-90 [1987]). In addition. T suppressor cells which appear to be reactive with the unmodified portion^ 
of the antigen have been shown to play a role in the inhibition of the antibody response to the B-cell 
epitopes represented by the said modified portions of the antigen (Tagawa et al.. Cell. Immunol. 86. 327^ 
336 [1984]). In the poor Immune response to (NANP)3 observed by Herringlon el al. (supra) theTriginal 
antigen would be represented by the earner protein. I.e. TT, and the modified portions would be 
; represerrtedljy the cpmpoqnd^^^ epitope, i.e; the (NANPh determinants/ 

Sub-unit vaccines consisting of sub-parts of antigens are a safe alternative to vaccines containing 
Inactivated or attenuated ^pathogenic agents - especially in cases whe the residual virulence of the 
pathogenic agent is not negligible.^ T^^ on the one hand sub-unit vaccines are desirable for the reasons 
rnentfoned above and on the other hand It is known that epitope suppression may lead to an ineffective 
single B cell epitope vaccine (Henington et al.. supra). Therefore a new approach for designing sub-unit 
vaccines had to devised. 

It is known that sequences recognized by helper T cells and suppressor T cells can be distinguished 
(Adorini et aL. J. Exp. Med., 150, 293-306 [1979]). Therefore it was proposed that in a given antigen regions 
or suthparts representing T ceil epitopes which contain information for carrier function but not epitope 
suppressive function are distinguishable. A new test system had to be devised which test systems allowed 
the above distinction. Using this test system it has now been found in the present invention that the 
infonmation for carrier function can be separated from that for the epitope suppressive function in an 
antigen. Thus the present invention made possible the preparation of vaccines comprising as T helper cell 
component a compound representing a T cell epitope containing infomnation for carrier function but not 
epitope suppressive function. 

Therefore the present invention provides compositioris comprising a compound representing a B cell 
epitope which is an antigen from a pathogenic agent or an antigenic sub-part thereof and a compound 
representing a T helper cell epitope which is a sub-part of an antigen from a pathogenic agent character- 
ized in that the compound representing the T helper cell epitope contains information for carrier function but 
not for epitope suppressive function. The said compounds may originate from the same or from different 
pathogenic agents. They may also originate from the same protein. In the latter case it would be necessary 
to remove sequences which contain information for suppressive function or alternatively to alter these 
sequences in such away that they do no longer show suppressive function. The present invention also 
relates to the processes for the preparation of these compositions, to vaccines comprising the same and to 
the use of these compositions and vaccines for providing protective Immunity against a pathogenic agent 
"me said composition may be a mixture of the Individual compounds mentioned above or may be one • 
- single chemical unit. 

A compound representing a B cell epitope is defined herein as being a peptide, a polypeptide, a hapten 
or a carbohydrate derived from a patiiogenic agent such as a disease-causing bacterium, virus, fungus or 
parasite. Examples of such patiiogenfc agents are listed In Table \ and described in Davis el al., 
"Microbiology". 3rd ed.. Harper Internationa! Edition. Prefen-ed compounds representing a B cell epitope 
are peptides and polypeptides from such patiiogenic agents. The advent of recombinant DNA technology 
has made possible to detemnine the nucleotide sequence and ttie amino acid sequence of a large number 
of antigens from pathogenic agents. Ihe known amino acid sequence of these antigens has made possible 
tiie generation of syntfieb'c antigens such as recombinant polypeptides and syntiietic peptides. A large 
number of such syntiietic antigens are known (see: "Vaccines 89: Modem approaches to new vaccines 
including prevention of AIDS", RA Lemer, H. Ginsberg, R,M. Chanodc and F. Brown eds.. Cold Spring 
Harbor Uboratory [1989], Cold Spring Harbor, New Yoric. U.SA). Pretended compounds representing B cell 
epitopes are sub-parts of antigens from a malaria parasite. An example for such an antigen is the 
circumsporozoite (CS) protein. Most preferably tfie compound representing a B cell epitope is a peptide 
comprising the sequence (NANP)^ of tiie repeat region of tiie CS protein wherein n is about 3 to 50. 

•The compound representing a T helper cell epitope is a sub-part of an antigen such as a protein or 
complex carfDohydrate which sub-part representing a T helper cell epitope may be defined using tiie 
metiiod of De Usi et al. (supra) and/or Rotiibard et al. (supra). Whetfier tiie said compound representing a T 
helper cell epitope provides carrier function but does not provide an epitope suppressive function can be 
determined using the following test system which is also part of tfie present invention: 

(a) Antibodies directed against tfie antigen wherefrom tii^ compound representing tiie T helper cell 
epitope is a sub-part thereof are tested for reactivity witii tfie compound representing ttie said putative T 
helper cell epitope. These antibodies should not react with ihe said compound representing tiie putative 
T helper cell epitope. 

(b) The compound representing ttie putative T helper cell epitope defined in step (a) is then linked to a 
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compound representing^ a Bicell^^^ composition formed in this way (termed composition A) is 

then tested for lts activity to Induce the forma in non-immunized hosts and in hosts : 

: which have previously t)een Injected -with the antigen wherefrom the compound representing the T helper 
cell epitope is a suk)^part thereof;; These activities are: t^ of a composition 

5 comprising a compound representing the same B cell epitope linked to the above-mentioned antigen 
: (termed composition B) in noifV-immunized hosts and^ f^ previously been: injected: with 

the above-mentioned antigen. 

The cornpouhd representing- 1^^ epitope contains informatioo for carrier function but not 

for epitope suppressive function when composition A and composition B 
10 (I) have about equal capability to induce the formation of antibodies in non-immunized hosts; and 

(II) an enhancement of the antlt)ody^^^^ hosts which: have 

previously been injected (preimmunized) with the above-mentioned antigen in comparison to composition 
B wherein the said response is suppressed. 

As outlined above the injection <^ a composition comprising an antigen as a carrier for a compound 

15 representing a B cell epitope into a host which has previously been injected with the said antigen leads to a 
reduced antibody response due to epitope suppression. It has now been observed that with the present 
invention the potential disadvantage of using an antigen which has already been used in previous 
immunizations as a canier for sub-unit vaccines can be converted to an advantage by using a portion of the 
original antigen as a carrier which portion does not contain Information for an epitope suppressive function. 

20 Thus for example it has been found that when a composition of the present invention comprising a 
compound representing a T cell epitope which compound is a sub-part from an antigen against which the 
host is preimmunized and which compound has information for carrier function but not for epitope 
suppressive function Is used to vaccinate the host, the first injection of the said composition or a vaccine 
comprising it Is taken by the immune system like a secondary Injection. This is due to the T helper cell 

25 priming caused by the preimmunization. The first injection of a vaccine comprising a compound of the 
present invention In a preimmunized host is therefore strongly enhanced In comparison to such a first 
Injection 1n a host without T helper cell priming due to preimmunization with, the antigen wherefrom the 
compound representing tfie T helper cell epitope in the composition is a sut>-part thereof. This enhanced 
immune response after a primary Injection is especially Important Incases where a high titer of protective 

30 antit)odies has to be obtained quickly to counteract the effects of a virulent pathogenic agent to which an 
individual will be exposed shortly after vaccination. 

Thus the present invention also relates to a method for eliciting a protective immune response against a 
pathogenic agent, which method comprises stimulating the Immune system of a host with an immunizing 
amount of a composition or a vaccine of the present invention, preferably to a method wherein the host is 

35 preimmunized with an antigen which is tfie antigen wherefrom the compound representing the T helper cell 
epitope in the composition of the present invention is a sub-part tfiereof. The time interval selected between 
tiie prelmmunizations and the Immunizations is not critical and can vary between a few days, e.g. at least 
about 5 to 10 days, to many weeks, montiis or even years. A person skilled In \he art is in a position to 
select appropriate time Intervals or to design immunization protocols in accordance with tiie present 

40 invention which are optimized in regard to tiiese time intervals. 

Furthermore It has also been found tiiat when a host, which had been treated witii the method for 
eliciting a protective immune response mentioned above. Is again immunized with a composition or a 
vaccine of the present invention, but which composition comprises a compound representing a B cell 
epitope which is different from the one present in tiie eariler immunizations, then an enhanced Immune 

45 response is obtained against the said new B qell epitope. Preferably tills new B cell epitope is derived from 
a different host than the host wherefrom \he B cell epitope used for the previous immunizations was 
derived. - * * 

Therefore tiie present invention also relates to a method for eliciting a protective immune response 
against a pathogenic agent Po in a host (e.g. a human or an animal), which host has been preimmunized: 

60 (a) first with an antigen from a pathogenic agent Pi and tinen at least once, preferably once or twice* with a 
composition C comprising a compound representing a B cell epitope which is an antigen from tiie 
pathogenic agent P2 or an antigenic sub-part tiiereof and a compound representing a T helper cell epitope 
which is a sub-part of an antigen from ttie pathogenic agent Pi. characterized in tiiat the compound 
representing the T helper cell epitope contains infomnation for carrier function but not for an epitope 
55 suppressive function or 

(b) at least once, preferably twice witii tiie composition C mentioned above, 

which method comprises stimulating the immune system of the host with an immunizing amount of a 
composition c' comprising a compound representing a B cell epitope which is an antigen from the 
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pathogenic agent Po or an antigenic sub-part thereof and a compound representing a T helper cell epitope 
which is a sub-part of an antigen from the pathogenic agent Pi characterized in that the compound 
representing the T helper cell epitope contains information for carrier function but not for an epitope 
suppressive function. 

5 An enhanced immune response against the pathogenic agent Po is the result of the above immunization 
method. This finding is surprising since the person skilled in the art would have expected that the 
preimmunizations mentioned above would rather lead to an inhibition of the immune response. The 
surprising finding means that as new protective B cell epitopes are identified, hosts which have been 
preimmunized according to (a) or (b) as indicated above, will respond to an immunization with a 

70 composition of the present invention comprising a compound representing the said new protective B Cell 
epitope with an enhanced immune response. 

Examples of antigens which are widely used in vaccination programs and thus could be used a^ 
sources for T: helper sequences having information: for ; cani^^^^ 

in the preimmunizations mentioned above are antigens derh^ed from the pathogenic agents selected from 
15 the group of pathogenic agents listed in Table 1 such as Corynebacterium diphtheriae (Klebs-Loeffler 

bacillus). Clostridium tetani, Bordella pertussis, Vibrio cholerae, mumps virus, measles virus, aibella virus, 

polio virus, rota virus, hepatitis virus, influenza vims and pox virus al. 

Thus the present Invention preferably relates to compositions wherein the compound representing a T- 

cell epitope is a sub-part of an antigen or is derived from an antigen from a pathogenic agent mentioned 
20 above. More preferably the said compound is a sufchpart of the tetanus toxin or the diphtheria toxin, most 

preferably the sub-part of the tetanus toxin which is the polypeptide TT73-99 having the amino acid 

sequence 

Tyr-Asp-Pro-Asn-Tyr-Leu-Arg-Thr-Asp-Ser-Asp-Lys-Asp-Arg-Phe-Leu-ein-Thr-Met-^^^ 

Arg-lle-Lys (I) 
25 or an equivalent thereof. 

An equivalent of the polypeptide mentioned above is defined as being a polypeptide with an amino acid 

sequence which differs from the amino acid sequence (I) by deletions, insertions and/or amino acid 

substitutions. Examples of such equivalent polypeptides are the polypeptides having an amino add 

sequence conresponding to the amino add sequence (I) but.sWherein up to about fiv.eteen. preferably only 1, 
30 2. 3, 4 or 5 amino acids at the N-terminus and/or the C^temr^lnus are deleted such as the polypeptide TT88- 

99 having the amino acid sequence 

Leu-Gfn-Thr-Met-Val-Lys-Leu-Phe-Asn-Arg-Ile-Lys (II) 

or an equivalent thereof. 

Amino add substitutions which potentially do not alter tiie secondary or tertiary structure of peptides are 
05 known from the article by R.F. Doolittle in "The Proteins". Vol. IV, Neurath. H. and Hill R.L„ Eds.. Academic 
Press, New York. p. 1-119, [1979]. 

It has to be noted that an antigenic determinant in a peptide or polypeptide generally comprises at least 
6 amino add residues and ttius the peptides l.e. the compounds mentioned above shoukJ have at least 
about this size. It is understood that in cases where the said compound is large, e.g. is in the form of a 
40 peptide which comprises more than 6 amino acid residues, the compound may represent in fact more tiian 
one epitope, whereby these epitopes may also overlap. Therefore wherever it is refered to a single epitope 
in the present case a plurality of epitopes is meant to be encompassed. 

• The peptide or polypeptide representing a B cell epitope or a T ceil epitope may be prepared using 
conventional peptide syntiietic mettiods. eiti^er in solution or. preferably by the solid phase mettiod of 
45 IVIerrlfield (J. Am. Chem. Soc. 85. 2148-2154 [1963]) or by any other equivalent metiiods known in the art 
Send phase syntiiesis is commenced from tiie C-termlnal end of tiie peptide by coupling a protected 
amino add to a suitable resin. A starting material can be prepared by attaching an amtno-protected amino 
add via a benzyl ester linkage to a chtoromethylated resin or a hydroxymettiyl resin or via an amide bond 
to a benzhydrylamine (BHA) resin, a methylbenzhydrylamine (MBHA) resin or a benzyloxybenzyl alcohol 
60 resin. These resins are available commercially, and tiieir preparation and use are well known. 

General metiiods for protecting and for removing protecting groups from amino acids which can be 
used in this invention are described in "The Peptides: Analysis, Synthesis, Biology", Vol. 2. (E. Gross and 
J. Melenhofer. Eds., Academic Press. New York, p. 1-284 [1979]) and by Atiierton et a!., in "The Peptides: 
Analysis, Syntiiesis. Biology" p. 1-38. Vol. 9. (S. Udenfried and J. Melenhofer. Eds., Academic Press. New 
55 York [1987]). Protecti'ng groups Include, e.g., tiie 9-fluorenylmetiiyloxycarbonyl (Fmoc). tert.-butyloxycar- 
bonyl (Boc). benzyl (Bzl), t-butyl (But), 2-chlorobenzyloxycarbonyl (2CI-Z). dichlorobenzyl (Deb) and 3.4- 
dimethylbenzyl (Dmb) groups. 

After removal of tiie a-amino protecting group from tiie initial (C-terminal) amino acid, the remaining 
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protected amino acids are coupled step-wise In the desired order The entire peptide may be synthesized in 
: this Way. Altiemalively. small polypeptides may be constructed which are later joined, to give the final 
jpeptlde product. Appropriate coupling procedures are known in the art. with the procedure of Konig et al. 
(Chem. Ber. 103. 788-798 [1970]) using 1.3-<licyclohexylcarbodlimideAl-hydroxyben^^^^ 
5 or the prqcedui^s of Oourtoglou; et al. (Synthesis 1984;; pp; 572T574) and Knonr et al^ Letters, 
■ 30,. 19^V-1?30 [1989]) usIrtg^C^ (HBTU) 
being particularly suKable. 

Each protected amino add or peptide -iis introduced into the; solid 
coufiling may be carried out in a medium of dimethylformamide ;(^ a 
70 mixture, thereof. In cases where incomplete coupHng occurs, the coupling procedure^^^^^ 

removal of the Nei-amino protecting group prior to the coupling of the; next amino add. T^^ success of the 
coupling reaction at each stage of synthesis may be monitored; A preferred method of monitoring the 
synthesis is by the ninhydrin reaction. The coupling reactions and washing steps can be performed using 
: automated instrumentation. 

75 Cleavage of the peptide from the resin can be effected using procedures well known in peptide 
chemistry. For example, reaction with hydrogen fluoride (HF) in the presence of p-cresol and dlmethylsul- 
fide at 0* C for 1 hour may be followed by a second reaction with hydrogen fluoride In the presence of p- 
cresol for 2 hours at O' C or with Irifluoroacetlc acld/methylene chloride/anisoie. Cleavage of peptides from 
chloromethylated or p-benzylo^ alcohol resin supports produces finished peptides having carboxyl 

20 groups at the C-lennini. Cleavage of peptides from benzhydryJamine or melhylbenzhydrylamine resins 
; produces peptides having C-terminal amide groups. 

Alternatively the peptides or polypeptides representing the B-cell epitope can be prepared using 
methodis of the recombinant DNA technology. The methods for preparing polypeptides by recombinant DNA 
technology are well known in the art. A DNA fragment coding for such a polypeptide may be isolated from a 

25 genomic library or from a cDNA library from the pathogenic agent or may be prepared according to 
procedures well known in the art, e.g. by the phosphotriester method (Narang et al.. Meth. Enzymol, 68, 90- 
98 [1979]) or the phosphodiester method (Brown et aU, Meth. Enzymol. 68, 109-151 [1979]. The DNA 
fragment may then be cloned Into an expression vector as described by Maniatis et al. in "Molecular 

_ 2 Cloning - A Uboratory Manual". Cold Spring Harbor Laboratory {1982}. 

30 a" large number of haptens and carbohydrates representing a B cell epitope are known to the person 
skilled in the art These haptens and carbohydrates may be prepared by well known methods. Alternatively 
the compound representing the B cell epitope may be prepared by fragmenting the said pathogenic agent 
and isolating the said compound by biochemical methods. 

The compound representing a T cell epitope is a peptide, a polypeptide or a carbohydrate derived from 

35 a pathogenic agent The said compound may be prepared as Indicated atiove for the compound represent- 
ing a B cell epitope. 

Furthermore the peptide, polypeptide, hapten or carbohydrate representing the B-cell epitope and/or the 
peptide or polypeptide representing the T-cell epitope may be a multiple antigenic peptide (MAP). Such 
MAP'S may be prepared as described by Posnett et al.. J. BioK Chem. 263. 1719-1725 (1988). An example 

40 of such a MAP is the multiple antigenic peptide system (MAPS) B-cell epitope [(NANP)3]B-Lys7-Aca-Cys- 
NH2 comprising muWmers of the repeat sequence (NANP) present in the CS protein of Plasmodium 
fatelparum (International Patent Application No. PCTAJS85/01418, Publication No. WO 86/00911). This 
MAPS can bo synthesized by a conventional solid phase procedure. Although lysine is tiie prefenred core 
molecule in the dendritic structure of MAPS other lysine-like molecules such as ornitiiine and nor-lysine 

45 may also be used. 

The compositions of the present invention may be prepared by covalently coupling a compound 
representing a B cell epitope with a compound representing a T cell epitope. The coupling may be either 
directly by tfie formation of a peptide or an ester bond between free caritx)xyl, amino or hydroxy! groups on 
the peptide or polypeptide or carbohydrate representing the T-celt epitope and corresponding groups on the 

so peptide, polypeptide, hapten or cartxDhydrate representing tiie BK^ell epitope or indirectly via a conventional 
bifunctional linking group. Examples for conventional Wfunctional linking reagents used for the formation of 
such linking groups are sulfosuccinlmldyl 4-(p-malelmldophenyl)butyrate (sulfo-SMPB), suIfosucclnimidyt(4- 
iodoacetyl)aminobenzoate (suifo-SlAB). N-succinimidyl(4-lodoacetyl)aminobenzoate (SIAB). 2- 
iminotiiiolane'HCI (Traut's reagent), dimetiiyl pimelimidate'2HCI (DMP), succinlmidyl 4-(p-mah 

55 eimldophenyl)butyrate (SMPB), N-succlnimidyl 3-(2-pyridyldithio)proplonate (SPDP). bismaleimidohexane 
(BMH) and m-maleimidobenzoyl-N-hydroxysuccinimide ester (MBS). These and furtiier bifunctional linking 
reagents are commerdally available from Pierce Chemical Company, Rockford. Illinois. U.S.A. Alternatively 
C2-7-dlalkanaIs such as glutaraldehyde (Avrameas. Immunochem. 6. 43-52 [1969]) may be used. . 
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The compositions of the present invention may also be prepared directly in the form of a linear peptide 
comprising the B cell epitope function and the T cell epitope function in one molecule e.g. by using 
nr^ethods of the recombinant DNA technology or by conventional peptide synthesis methods. However there 
is no need that the compound representing the T-cell epitope is covalently linked to the compound 
representing the B-cell epitope, only that these compounds be associated in such a way as to lead to joint 
presentation to cells of the immune system. 

The compositions and compounds according to the present invention can be purified by known 
methods, such as differential centrifugatlon, precipitation with ammonium sulfate, dialysis to remove salts 
(under nonmal or reduced pressure), preparative Iso-electric focusing, preparative g^ 
various chromatographical methods. e.g.. gel nitration, high perfonmance liquid chromatography (HPLC). Ion 
exchange chromatography, reverse phase chromatography or affinity chromatography. 

The present invention also relates to vaccines comprising a composition of the present invention and a 
pharmaceuticaliy acceptable adjuvant. 

The said vaccine can be used to Induce a protective immune response against a pathogenic agent 
having a B-cell epitope Immunologically cross-reactive with the one in the composition. The term 
"pharmaceuticaliy acceptable adjuvant" can mean either the standard compositions which are suitable for 
human administration e.g. aluminum hydroxide or the typical adjuvants and exclpients (e.g. serum albumin 
or plasma preparations) employed in animal vaccinations. Suitable adjuvants for the vaccination of animals 
include but are not limited to Freund's complete or incomplete adjuvant (not suitable for human or livestock 
use). Adjuvant 65 (containing peanut oil. mannlde monooleate and aluminum monostearate). mineral gels 
such as aluminum hydroxide, aluminum phosphate and alum, surfactants such as hexadecylamine. oc- 
tadecylamine. lysoledthfn, dimethyl-dloctyldecylammonium bromide. N,N-dioctadecyl-N'.N'-bis(2-hydrox- 
yethyl)propanediamine. methoxyhexydecylglycerol and pluronic polyols, polyanions such as pyran. dextran 
sulfate. polylC. polyacryflc acid and carbopol, peptides and amino acids such as muramyl dipeptide, 
dimethylglycine. tuftsin and oil emulsions. The composition of the present invention can also be admin- 
istered following incorporation Into liposomes or other micro-canlers. or after conjugation to polysac- 
charides, other proteins or other polymers or in combination with Quil-A to form "Iscoms" 
(immunostimulating complexes) (Allison et al.. J. Immunol. Meth. 95. 157-168 [1986]; Morein et al„ Nature 
308, 457-460 [1984]). In addition, genetically engineered microorganisms such as vaccinla.or .salmonella 
which are capable of expressing a nucleotide sequence encoding a peptfde or polypeptide representing a 
T-cell epitope and a B-cell epitope i.e. a composition according to the present invention can be used as 
vaccine delivery systems (Mackett, Immunol. Letters 16. 243-248 [1987]). 

The vaccines are prepared by combining a composition according to the present invention with a 
. pharmaceuticaliy acceptable adjuvant. Preferably tiie vaccine is In the form of a unit dose. The amount of 
active compounds administered as a vaccination or as a medicament at one time, or over a period of time, 
will depend on the subject being treated, the manner and form of administration, and the judgement of the 
treating physician. However..an effective dose may be in ttie range of from about 1 ng to about 1 mg of ttie 
composition of this invention, preferably about 100 ug to about 500 ug; it being recognised that lower and 
higher doses may also be useful. The vaccine may bie in a variety of forms. These include, for example 
solid, semi-soHd and liquid dosage forms. The unit dose is preferably packed in 1 ml vials containing tfie 
vaccine in the form of a suspension in sterile 0.9% (w/v) NaCI solution. The most preferred vacdne 
comprises 0.4 mg/ml protein (T and B cell epitope peptides) adsorbed to 850 ug AI(0H)3/ml and 100 ug/ml 
MerthiolateTM (Eli Ully). The vial Is preferably packed In a container together with written instructions 
describing tiie correct . use of the vacdne. The present invention relates also to such a unit dose of the 
vaccine packed In a container, most preferably togetfier with ttie appropriate instructions. Furthermore tiie 
present invention relates to a process for the preparation of said vacdnes or of a unit dose tiiereof as well 
as to a method for tiie immunization of a human or animal using such an vacxine. 

The form and the route of administration of a vaccine as well as frequency of injections are all factors 
which can be optimized using ordinary skill In the art Typically, tiie initial vaccination with an im- 
munologically effective amount of a vaccine is followed some weeks later by one or more "booster" 
vacdnations, ttie net.effed of which Is the production of high titers of antibodies against ttie particular 
pathogenic agent. 

Having now generally described ttiis invention, tiie same may be more readily understood by reference 
to the following example. It should be understood ttiat this example is for illustrative purposes only and 
should not be construed as limiting tiiis Invention in any way to tiie specific embodiment recited tiierein. 

Example 
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I 



Selection of compounds representing T cell epitopes from TT 

. The compounds representing T helper cell sequences from TT were obtained by chemical and 
enzymatic treatment of TT. 50 mg TT were reduced in 5:5 mr4 M guanidine; 0;4 M Tris buffer pH S a 

5 mg dIthiothreitoL The mixture was incubated for 1.5 hours at room temperature. Then the mixture was 
alkylated by adding 60 mg iodoacetamlde and: Incubating for 0.5 hours- atvrcom -temperature.; After an 
overnight dialysis against 0.1 M NHdHCOs adjusted to pH 7 with glaclat acetic acid; 1. a mg trypsin (2^ 
were added and the mixture was incubated at 37* G overnight. The peptides in the resulting digest were 
separated after dialysis against 100 mM ammonium carbonate pH 7 using gel filtration FPLG (SepharoseTM? 

10 12 column, HR1 6/50, Pharmacia). Fractions from the column ; were: monitored for acti^ 

proliferation assays (see below) with peripheral blood leukocytes from human donors immunized with TT or 
lymphocytes from mice immunized wIth TT; Active : fractions were further separated 

trifluoroacetlc acid (TFA) and applying them to a reversed phase FPLC column (PepRPC 5/2. Pharmacia) / 
' equlfibrated with: 0.1%. TFA/ Peptides were eluted w 

16 tested for' activity in an in vitro T ceil proliferation assay. Active aliquots were further separated, after 1:1 
dilution in TFA, on a reversed phase HPLC column (Vydac Cis No. 218TP544) equilibrated with 0.1% TF/V. 
Peptides were eluted with a linear gradient of acetonitrll. Fractions were tested for activity with the in vitro T 
cell proliferation assay. Active fractions were characterized by N-terminal sequencing and amino acid 
analysis. Once characterized, one of the peptides, i.e. TT73-99 and derivatives thereof such as TT88-99 

20 were synthesized and tested for activity In T cell proliferation tests, helper T cell tests and in epitope 
suppression tests as described below for the exemplary composition (NANP)4TT73-99. 

Synthesis and purification of (NANP)»TT73"99 and TT73-99 

25 The polypeptide TT73-99 having the amino acid sequence (I) corresponds to the ammo acid residues 
73-99 of the tetanus toxoid. The polypeptide TT73-99 was synthesized by the solid-phase technique using 
base*labile N-fluorenylmethoxylcarbonyl-amino acids, t-butyl based side chain protecting groups and a p* 
benzyloxybenzylalcohol polystyrene resin as described by Atherton and Sheppard in "The Peptides; 

Analysis, Synthesis, Biology" p. 1-38, Vol. 9, S, Udenfriend and J. Meienhofer (Eds.). Academic Press, New 

30 York (1987). The" initial synthesis was. started with the Fmoc-Lys(Boc)-0-CH2C6H4C>-GH2C6H4 -resin in a 
manual shaker. The protocol for a typical synthetic cyclf» was as follows: . 



Step 


Reagent 


Time 


1 


N,N-dimethylfonnamide (DMF) 


2 X 1 min. 


2 


20% piperidlne/DMF 


1 x7min. 


3 


DMF 


5x1 


mln. 


4 


2,5 eq. Fmoc-amino acid / DMF 








+ 2.5 eq. HBTU 








t 2.5 eq. N-ethyldlisopropylamlne 


1 x 90 mln. 


5 


DMF 


3 X 1 mln. 


,6 


Isopropyi alcohol (l-PrOH) 


2x1 mln. 



The resulting protected TT73-99 polypeptide resin was treated with trifluoroacetlc add-methylene 
chloride-anisol (49:49:2) to yield the free TT73-99 polypeptide. This polypeptide was purified by hlgh- 
perfonnnance liquid chromatography (HPLC) using a Uchrosorb RP18 (lOu) column (Merck, Danmstadl, 
FRG) in a 0,1% trifluoroacetlc add-ethahol gradient system. The polypeptide was homogeneous by 
analytical HPLC and showed the expected amino acid composition after acid hydrolysis. 

The polypeptide (NANP)4TT73-99 was synthesized by a combination of the classical solution technique 
and solid phase peptide synthesis. The protected tetrapeptide Fmoc-Asn-Afa-Asn-Pro-OH was synthesized 
according to the following scheme: 
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15 



Asn Ala Asn 

OS u H - if OH 



10 



Fmoc 



Fmoc- 



Fmoc 



Z 
Z 



OU H 
HBTU 



Pro 



H^/Pd-C 



TEA 



OH H- 
HBTU 



OBut 



OBut 



OBlit 



•OBut 



•OH 



20 Four repeated coupfings of the N*-protected telrapeptide via the HBTU procedure to the N-^unprotected 
TT73-99 polypeptide resin yielded the protected (NANP)4TT73-99 polypeptide resin. Treatment with 
trifluoroacetic acid (TFA)/methylene chloride^'anisole liberated the free polypeptide. Purification was achieved 
by HPLC in the above nr^entioned gradient system. The polypeptide was homogeneous by analytical HPLC. 

25 Test for activity of (I^NP)* TT73-99 



As a compound representing a T cell epitope the polypeptide TT73-99 was tested as a model can-ier 
peptide for the 8 cell epitope sequence (Asn-Ala-Asn-Pro)„ also termed (NANP)„ in tiie single letter code for 
amino acids. The repeat sequence (NANP) of tiie ctrcumsporozoite fCS) protein /©presents ^tbe im-. 

30 munodominant sequence of the major surface protein of P. falciparum sporozoites (Dame et aU Science 
593-599 [1984]; Zavala et al., Science 228. 1436-1440 [19851). Clinical studies witii vaccines 
comprising tills sequence have confen-ed sterile immunity to sorne of tiie volunteers ch^lenged witii tiie 
parasite (Henington et al.. supra; Ballou et al; Lancet 11277-1 281 [1987D. As a compound representing a B 
^ cell epitope ttie peptide (NANP)4 was selected in tiie present Example. 

35 In tiie first experiment 5 BALB/c mice were preimmunized by subcutaneous Injection witti 15 itg TT73- 
99 in Freund's Incomplete adjuvant (FIA). Fifty four days later ttie prelmmunized mice were injected 
subcutaneously with 25 ug (Ac-Cys-(NANP)3)35TT in FIA. The composition (Ac.Cys-(NANP)3)3sTT whic^ 
stands for (Acetyl-Cys-{AsnAlaAsnPro)3l35-tetanus toxoid was prepared In accordance with known proce- 
dures (Etiinger et al, Immunology 64, 551-558 [1988]). At ttie same day 5 normal BALC/c mice each (riot 

40 prelmmunized witii TT73-99) were injected subcutaneously either witii 25 ug (Ac-Cys-(NANP)3)35TT in FIA 
or Witt! 25 ug TT In FIA. The antibody titers In tiie plasma of tiie mice were measured by EUSA (Etiinger et 
al.. Immunology 64. 551-558 [1988]) between day 54 and day 70 at weekly intervals after tfie prelm- 
munization using microtiter plates coated with (NANP)5b. TT or TT73-99. Table II shows tfw peak response 
for each immunization protocol. Values are given as geometric mean titers (coefficient variation geometric 

45 mean) whereby the titer Is defined as ttie redprocal of tiie last dUution of plasma where tiie optical density 
at a wavelengtii of 455 nm (OD^ss) was ^ 0.1 and ^ 0^4. 

. Table II 



Immunization protocol (Injection) 


Antibody titer X 103 


1st 


2nd 


(NANP)so 


TT 


TT73-99 


TT73-99 . 


(Ac-Cys-(NANP)3)3sTT 
(Ac-Cys-{NANP)3)35TT 
TT 


1.4(1.4) 
18(1,4) 
0.15(0) 


1.9(1.2) 
26(1.5) 
51(1.2) 


0.15(0) 
0.54(2) 
0.15(0) 
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Table II shows that TT73-99 is recognized by T helper cells since the preimmunlzation with TT73r99: 
leads to enhanced: an ti-(NANP): and anti-TT; antibody responses when challenged with the conjugate, i.e.: 
(Ac-'Cys-(NANP)3)3sTT/ The absence of antibody cross-reactivity be^^ 

well as the use of a mouse stran which is genetically unresponsive to NANP at the T cell level (Good et al., 
5 J. Exp. Med. 160. 655-660 [1986]; Del Guidlce et al.. J. Immunol. 137, 2952-2955 [1986]) indicates;; that: 
priming occurredat the helper T cell level. 

In the second experiment 2 sets of 5 BALB/c mice were prefmmunized by subcutaneous Jnjectfon; with 
50 ug TT in AI(0H)3. Thirty six and 168 days later those mice and 2 sets of 5 nonmal mlce were Injected 
subcutaneously either with 25 ug of (Ac-Gys-{NANP)3)35TT or with (NANP)* TT73-99 in FIA. The antibody 
7a titers were measured by ELiSA between day 36 and day 70 for the primary peak response: and from day 
168 and day 189 at weekly intervals for the secondary response; Table III shows, the peak response for 
each immunlzatfon protocol. Values are given as geometric mean titers as In Table.ll. 

Table III 

15 



Immunization protocol 


Antibody titer X 10^ 


(Injection) 








1st 


2nd 


(NANP)5o 


TT 


TT73-99 




(NANP)4TT73-99 


3.4(1.5) 


0.37(1.1) 


1.1(1.9) 


TT 


{NANPKTT73-99 


15(1.7) 


98(1.2) 


4.1(1.5) 




(Ac-Cys-{NANP)3)3sTT 


21(1.1) 


151(1.2) 


0.1 5( 0) 


TT 


(Ac-Cys-{NANP)3)3sTT 


0.9(1.9) 


454(1.2) 


0.15(0) . 



25 



Table IV 



Immunization protocol > 


Antibody titer X 103 


(Injection) 








1st 


2nd and 3rd 


(NANP)so 


TT 


TT73-99 




(NANP)iTT73-99 


116(1.3) 


0.15(0) 


1.3(1.8) 


TT 


(NANP)*TT73-99 


422(1.2) 


173(1.2) 


2.3(1.7) 




(Ac-Cys-(NANP)3)3sTT 


179(1.3} 


878(1.3) 


0.15(0) 


TT 


(Ac-Cys-(NANP)3)35TT 


liliBiii^^p^^^ 


878(1.4) 


0.15( 0) 



40 

Tables III and IV show the comparison of the effect of prelmmunlzation with TT on the subsequent 
response to the conjugate (Ac-Cys-(NANP)3)3sTT containing the entire canler protein TT and to the peptide 
(NANP)*TT73-99 containing only a sub-part of the canrier protein TT viz. TT73-99. A mouse strain which is 
genetically unresponsive to NANP at the T cell level was used for these studies. As it is shown in Table 111 

45 for a single challenge with the (NANP)-containlng antigen and In Table IV for two challenges with the 
(NANP)-containing antigen. TT priming Inhibited the anti-(NANP) response to (Ac-Cys-(NANP)3)35TT (= 
epitope suppression) even though the anti-TT response was elevated in pretreated mice. On the other hand 
TT priming did not lead to an Inhibition of .the anti-(NANP) reponse to (NANP)4TT73-99. it actually resulted 
in the enhancement of the antl-(NANP) reponse after a preimmuntzation with TT. 

50 The above results demonstrate that epitope suppression here caused by the preimmuriization with TT. 
can be circumvented by supplylrig carrier information In the form of a peptide derived from the original 
protein (TT) which peptide (here TT73-99) does not contain information for an epitope suppressive function. 
From a practical standpoint, a carrier sequence for vaccines should be recognized by T cells of most 
people. It is known that certain peptides are restricted by a large variety of human Glass II alleles (Sinigagiia 

55 et al.. Nature 336, 778-780 [1988]; Panlna et al., Cold Spring Harbor Symp. Quant. Biol. Vol. UV, Cold 
Spring Harbor Laboratory, New Yorit, U.S.A. [1989]). To determine whether TT73-99 could serve as a 
generally recognized carrier, 2 or 3 mice each of the strains indicated In Table V were injected 
subcutaneously with (NANP)4TT73-99 in Freund's complete adjuvant 32 days later the mice were Injected 
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with 25 ug (NANP)*TT73-99 in F!A (booster). The antibody responses were assayed at weekly intervals for 
3 weeks following the booster. Table V . shows ttep titers of the antibodies formed. 

Anti-(NANP) titers were determined as described in Table; II. Anti-sporozbite titers wer^ determined by 
indirect Jmrnunofluorescence : as described by Etiinger et ah, J. Immunol. 140. 626-633 [1988], Normal 
mouse sera had anti-(NANP) titers ^150 and - anti-sporozoite titers < 10. Although the r^^^ 
variable,. Table V shows that each of the seven mouse strains tested produced anti-{NANP) and ahti- 
sporozolte antibody. Since only mice are responsive to the NANP sequence at the T cell level (Good 
et a!., J. Exp. Med. m 655-660 (1986]; Del Guidice et al , J. Immunol. 137. 2952-2955 [1986]) the results 
shown In Table V indicate that all non-H-2^: strains are capable of recognizing the T helper cell epitope 
represented by TT73-99, In the case of H-2^ mice the helper T cell function could have occured through 
recognition of the NANP sequence. : 

Table V 



(NANP)4TT73-99 elicits antl-sporozoite antibody in 


. genetically diverse mice. 






Strain 


H-2 




anti-(NANP)so 


antl-sporozoite 




Haplotype 




titer X 102 


titer 


BIO.RIII 


r 




59 


28 


C57B1/10 


b 




14305 


115852 


B10.S 


s 




366 


1280 


bio.br 


k 




915 


20480 


B10.1VI 


f 




10 


B10.G 


q 


2288 


40960 


B10.D2 ' 


d 


1448 


20480 



Based on the data shown by Sinigagfia et al. (supra) it was suggested that TT73-99 is also generally 
recognized by T cells of a large number of individual members of the genetically diverse human population. 
To gain insight into this point, peripheral blood leukocytes (PBL^were obtained from 20 volunteers and 
tested In an in vifro T cell proliferation assay for reactivity with TT73-99 or TT. PBL were obtained from 
^- whole blood. Cultured were set up In. duplicate in wells of microtiter plates which had previously received 
either 20 ul of 100 ug/iml TT73-99 In 0,15 M NaCI or 100 ug/ml TT in 0.15 M NaCI or only 0.15 M NaCI. 
Each well contained 4 x 10^ cells in 0.2 ml of culture medium (RPMI with 10% heat-inactivated human AB 
serum, 100 units/ml penicillin. 100 ug/mt streptomycin and 2 mM glutamine). The microtiter plates were 
theh incubated at 37* C. The extent of T cell proliferation was detemrilned after 4 days of incubation by 
adding 1 uCi pHJ-thymidine to each well and determining pH]-thymidine Incorporation after 24 hours. The 
pH]-thymidine incorporation is a measure for the extent of DNA synthesis. The stimulation index Is the 
amount of pH]-thymldine Incorporation (measured as counts per minute; abbreviated cpm) in the cultures 
containing TT73-99 or TT» respectively, divided by the amount pHhthymidine incorporation in cultures 
containing neither TT73-99 nor TT. 12 out of 20 volunteers responded to TT73-99 (stimulation Index ^2) 
(Table VI). Furthermore, in more limited shjdies it was found that T cells proliferated in response to (NANP)- 
♦TT73-99 but not to (NANP)so or (NANP)3. This indicates that the TT73-99 part can be recognized by T 
cells I.e. tfiat the presence of the compound representing the B cell epitope (the (NANP)4-part) does not 
mask the information for the T helper cell function of the compound representing the T cell epitope (the 
TT73-99 part). 
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Table VI 



1 Cellular reactivity to TT and TT73-99 in humar^s - 


antigen 


Stimulation index / # volunteers r • . 


<2 


2 


3 


4 


5 


8 


14 


36 


TT73-99 


8 


3 


2 


3 


1 


1 


1 


1 


TT 


<2 


3 


10-30 


40-60 


70-100 


>100 






1 


5 




5 




4 


4 



In a further experiment sera from 55 volunteers who had participated In Phase I clinica 
analyzing the adjuvahtlclty. of Interferons a and 7 on responsiveness to (Ac-Cys-(NANP)3)3slT' w 
for reactivity with TT and TT73-99 both prior to and following immunization with {Ac-Cys-{NANP)3)3sTT. 
Antibody titers were determined as described by Etiinger et ah. J. tmmunol. 140. 626-633 [1988] using 
' peroxidase-coupled anti-lgf\/! and IgG antibody. Values are geometric mean (coef.var.g.m.) for 55 volunteers. 
Preclinical titers are those prior to injection with (Ac-Cys-(NANP)3)3sTT. Geometric mean titer (coef.var.g.m.) 
of pre- and post-clinical sera In plates coated with bovine serum albumin (used as the blocker In ELISA) 
was found to be 10^ (1.1). Although as mentioned above T cell reactivity to TT73-99 could be demonstrated 
In about half of the 20 people tested, none of the antisera from the other 55 volunteers reacted with this 
peptide (Table VII). 

Table VII 



Humoral reactivity to TT and TT73-99 
in humans 




pre-cllnical 
sera 


post-clinical 
sera 


(Titer X 103) 


(Titer x 10^) 


TT73-99 
TT 


1^(1.1) 
44(1.3) 


1.3(1.1) 
141(12) 



The absence of human antibody reactivity for TT73-99 following TT or (Ac-Cys-(NANP)3)33TT im- 

40 munlzation shown above Is similar to the results obtained with mice (see Tables III and IV). There It had 
been shown that the Inhibition of the antibody response to the B cell epitope, I.e. the (NANP)4 part of the 
composition (NANP)4.TT73-99, was caused by the preimmunization with the carrier protein TT presumably 
in part because preimmunization led to the presence of primed, carrier-specific B cells which recognized 
the unmodified part of the canier protein TT In the composition. This Inhibition has been tenmed epitope 

45 suppression (Schutze et Cell. Immunol. 104. 77-90 [1987]). The above results imply that the absence of 
antibody cross-reactivliy twtween the original protein and canrler peptide Is a reasonable prerequisite for 
candidate peptides containing information for carrier function but not for epitope suppressive function. 

The next experiment was designed to test the effect of the Immunization of a host against a pathogenic 
agent Po, which host has been preimmunized 

50 (a) first with an antigen from a pathogenic agent Pi, e.g. with tetanus toxoid (TT), and then with a 
composition C, e.g. the composition (NANP)*TT88-99. comprising a compound representing a B cell 
epitope which is an antigen from a pathogenic agent P2. e.g. an antigen from a malaria parasite, or an 
antigenic sub-part tiiereof such as tiie B cell epitope (NANP)* from the CS protein of P. falciparum, and a 
compound representing a T helper cell epitope which Is a sub-part of an antigen from the patfiogenic agent 

55 Pi. e.g. from TT, characterized in tiiat the compound representing the T helper cell epitope contains 
information for carrier function but not for an epitope suppressive function, such as tiie compound TT88r-99 
or TT73-99, or 

(b) once or twice with the composition C mentioned atxjve. 
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70 



IS 



20 



26 



30 



With an immunizing amount of a composiUon c'. such as the composition Hq146-61TT88-99. comprising a 
compound representing a B cell epitope as a model for an antigen, e.g. an antigen from a pathogenic agent 
Po, or an antigenic sub-part thereof, such as the compound Hel 46-61 comprising amino acid residues 46 to 
61 of hen egg white lysozyme (J. Immunol. 135. 368-373 [1985]) as In the composition Hel 46-6 1TT88-99 
mentioned above, and a compound representing a T helper cell epitope which Is a sub-part of an antigen 
from the pathogenic agent Pi mentioned above, characterized in that the compound representing the T 
helper:CeH epitope contains inforrnatlon for earner function but not for an epitope suppressive fiinctibhi such- 
as the compounds :TT88-99 or TT73-99. 

(NANP)4TT88-99 and He146-61TT88-99 were synthesized using a continous flow peptide synthesizer 
(9050.PepSynthesizer. Milligen. Division of Millipore. Bedford.. Mass., USA) which "autommes W F^ 
polyamide method of solid phase peptide synthesis as described in the Milligen 9050 peptide synthesis 
operating manual. A mouse strain which does not respond to repeats of (NANP) or to (Hel 46-61) at the T 
cell level due to its major histocompatibility complex (MHC) haplotype was used In order to clearly 
distinguish effects of B cell epitopes from those of T cell epitopes in the immune response. Three sets of 5 
BALB/c mice were used. Each animal in one set received subcutaneously 50 ug TT in AI{0H)3 on day 0 
followed on day 32 by 25 ug (NANP)4TT88-99 In Freund's complete adjuvant (FCA) and on day 75 by 25 
ug (NANP)4TT88-99 In FIA; on days 107 and 138 the mice received 25 ug He146-61TT88-99 in FIA. Each 
mouse in the second set received the same injections as in the first set except that the mice of this second 
set were not preimmunized with TT. Each animal In the third set was not prelmmunized and received 25 ug 
of He146-61TT88-99 in FIA on two occasions 32 days apart. The results of the above experiment are shown 
in Table VIII, part C, whereas the results of the control experiments and the immunization protocol used In 
these control experiments are shown In Table VIII, parts A and B. The peak titers were detennined on day 
43 following the first Injection of (NANP)4TT88-99 in the control experiment A shown in Table VHI, part A on 
day 32 following the second injection of (IMANP)*TT88-99 in the control experiment B shown in Table VIII. 
part B. and on day 14 following the second injection of Hel 46-61 TT88-99 in the experiment C shown in 
Table VIH, part C (in brackets the coefficient of variation of geometric means). The time intervals between 
the immunizations and preimmunizations are not meant to be of particular importance and may vary 
considerably depending on the particular circumstances but still lead to the same protective immune 
response. The person skilled in the art is In a position to select and optimize appropriate time inten/als 

Table VIII 



35 



40 



50 





Imn 
Inje 


nunizat 
ctlon 


Ion protocol 




Antibody titer x 10^ 








(NANP)5o 


Hel 46-61 


l-BSA 


A 


1st 


2nd 










TT 


(NANP)4TT88-99 
(NANP)4TT88-99 




59 (1.7) 
11 (1.1) 












1st 


2nd and 3rd 






TT 


(NANP)4TT88«99 
(NANP)iTT88-99 




102(1.2) 
49 (1.6) 






C 


1st 


2nd and 3rd 


4th and 5th 




TT 


(NANP)*TT88-99 
(NANP)4TT88-99 


He146-61TT88-99 
Hel 46-61 TT88-99 
H6146-61TT88-99 




211 (1.2) 
211 (1.5) 
85 (1.6) 



Table VIII, parts A and B show the comparison of the effect of preimmunization with TT after one 
(Expenment A) or two (Experiment B) challenges wHh the peptide (NANP)*TT88-99 containing only a sub- 
part of the canier protein TT, viz. TT88-99. As already shown in Tables III and IV for (NANP)4TT73-99. TT 
priming enhanced the antl-NANP response to (NANP)4TT88-99. 

Experiment C shows the effect of 

(a) preimmunization first with TT and then twice with (NANP)4TT88-99 or 

(b) two preimmunizations with (NANP)4TT88-99, 
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V ^ on thevi He 1 46-61 TT88-99. The titer of the antibodies 

reactive with the compound i reprssentlng/i a = B cell: epitope Hel 46-61 was determined : using : a conjugate 
consisting of Cys-He146-61 coupled to bovirie serum albumin (termed He146-61-BSA) prepared according 
; to know procedure^^ (Etilnger et a!;; Immunology 64, 551-558 [1988]). As shown in: Table VIII. part C the 

s antibody response elidted against^to^^^^ He146-61 was enhanced In those mice which had: 

-been prelmmunized-in comparison to non-prelmmunlzed animals. No difference in the effect was seen 
between the prelmmunlzation protocol: (a) vs. (b). Experiment C shows that a preimmunlzation with a 
cbmpdsition of the present invention not only does not result In an inhibition of the immune response 
against a second composition In accordance with the present invention comprising a compound represent- 

10 ing a new B cell epitope arid a compound representing the original T cell epitope but actually enhances the 
response to the new B cell epitope^ This means that as new protective B cell epitopes are identified, they 
can be combined with a previously used T cell epitope such as e.g. TT73-99 or TT88^99 and; then be used ■ 
for the immunization of a host which has been prelmmunlzed with a composition of the: present invention, 
comprising a compound representing the said previously used T cell epitope, whereby the immunized host 

irs : :will respond to the said new protec with an enhanced immune response. 

Irt' a further experiment the effect of the immunization of a host with a composition of the present 
invention such as the composition (NANP)4TT73-99. which host has been preimmunized with only the 
compound representing a T helper cell epitope of the said composition (instead of a preimmunlzation with 
the complete antigen wherefrom the T helper cell epitope is derived) has been tested. It was found tiiat this 

20 immunization protocol leads to a strong suppression of the immune response against the B cell epitope i.e. 
{NANP)„ in the composition. It has to be noted however, that the above-mentioned immunization protocol Is 
just of theoretical Interest since in practice hosts are not preimmunized wWi compounds representing T 
helper cell epitopes only. As clearly Indicated above the method for detemiining whetiier a compound 
representing a T helper cell epitope provides carrier function but does not provide an epitope suppressive 

25 function clearly Involves preimmunizations with the complete antigen and tiierefore It is understood tiiat tiie 
present Invention does not relate to cases where tiie host is preimmunized witii tiie compound representing 
ttie T helper cell epitope only but to cases where the host has been preimmunized witii tiie antigen 
wherefrom tiie T helper cell epitope is a sub-part thereof or witii a composition of the present Invention. 
The above results demonstrate tiiat It is possible to lake advantage of T helper cell priming and 

30 eliminate the potential disadvantage of epitope supp'ressnin stemming from carrier preimmunlzation by 
Identifying T helper cell epitopes from cunrentiy used protein-containing vaccines and using compounds 
representing tfiese T cell epitopes alone or in combination with other antigens as carriers for compounds 
representing B cell epHtopes of various patiiogenic agents. The present Invention provides improved sub- 
unit vaccines which represent a further step in tiie development of "engineered" vaccines. These improved 

35 sub-unit vacdnes are especially Important In cases where humoral immunity constitutes an important 
effector mechanism such as in tiie prevention of malaria. 

Claims 

40 

1. A composition comprising a compound representing a B cell epitope which is an antigen from a 
patiiogenic agent or an antigenic sub-part thereof and a compound representing a T helper cell epitope 
which is a sul)-part of an antigen from a patiiogenic agent characterized In that the compound representing 
the T helper cell epitope contains infonnation for cannier function but not for an epitope suppressive 

45 function. 

2. A composition according to claim 1 characterized, in that the compound representing a T helper cell 
epitope is a sub-part of an antigen from a pathogenic agent selected from the group of Corynebacterium 
diphtiieriae (Webs-Loeffler bacillus), Streptococcus pneumoniae, Clostridium tetani, Bacillus Calmette- 
Gu^rin. Bordetella pertussis. Vibrio cholerae, mumps virus, measles virus, rubella virus, adenovirus, poRo 

50 virus. Bacillus anthracis. rota virus, hepatitis virus, rabies virus, HIV-1, HIV-2. HTLV, Influenza virus, pox 
virus, Yersinia pestis. Plasmodium falciparum, foot-and-moutii disease virus. Eimeria tenella and Eimeria 
acervulina. 

3. A composition according to claim 1 characterized in that the compound representing a T helper cell 
epitope Is a sub-part of the tetanus toxin or tiie diphtheria toxin. 

65 . 4. A composition according to claim 1 characterized In tiiat tiie compound representing a T helper cell 
epitope Is tiie polypeptide having tiie amino acid sequence 

Tyr-Asp-Pro-Asn-Tyr-Leu-Arg-Thr-Asp-Ser-Asp-Lys-Asp-Arg-Phe-Leu-Gln-Thr-Met-Val-Lys-Leu-Phe-Asn- 
Arg-lle-Lys. (I) 
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or an equivalent thereof. 

5. A composition according t^^^^^^^ in that the compound representing a T helper cfell 
: epitope is the polypeptide having the aniino 

: 5 or an equivalent t^^ 

6. A i composition according to any one of claims 1 to 5 characterized in that the compound representing a 
B cell epitope Is a sub^part of a: antigen from a inalaria parasite; 

7. A composition according to any one of claims 1 to 5 characterized in that the compound representing a 
:. : : B ceil epitope Is a subepart of: the Plasmodium falciparum clrcumsporozoite prot^ 

70 8. A composition according to any one of claims 1 to 7 for the protective Immunization of a host against a 
pathogenic agent 

9. A process for the preparation of a composition according to any one of claims 1 to 7. which process 
comprises coupling a compound representing a B cell epitope which Is an antigen from a pathogenic agent 
or an antigenic sut>-part thereof to a compound representing a T helper cell epitope which is a sub-part of 

.75 an antigen from a pathogenic agent which : sub-part contains information: for carrier function but hot for an 
epitope suppressive function. 

10. A process for the preparation of a composition according to any one of claims 1 to 7, characterized in 
that conventional peptide synthetic methods or methods of the recombinant DNA technology are used. 

11. Vaccines comprising an immunizing amount of a composition according to any one of claims 1 to 7 and 
20 a pharmaceuticaily acceptable adjuvant. 

12. The use of a composition in accordance with any one of claims 1 to 7 or of a vaccine according to 
claim 1 1 for providing protective immunity against a pathogenic agent. 
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